The general concept is that as Vibrio cholerae is not invasive, it mediates a noninflammatory type of infection. This is being re-evaluated based on available data that natural cholera infection or cholera toxin induces a Th2-type of immune profile and stimulates the humoral immune response, innate cells, and mediators in the host. Methods: To perform a comprehensive analyses of the inflammatory components, we studied mucosal biopsies from patients, both adults and children with acute watery diarrhoea caused by V cholerae O1 and O139. Patients with cholera, adults (n = 30) and children (n = 18), as well as healthy controls (n = 24) were studied. Histochemical, immunohistochemical, and ultrastructural studies were carried out to elucidate the contribution of the different factors using paraffin and frozen duodenal and/or rectal sections as appropriate. Samples were collected during the acute stage and during early and/or late convalescence. Results: Following natural cholera infection, patients responded with increases in neutrophil polymorphs during the acute stage (p,0.001) compared with healthy controls whereas mucosal mast cells (MMC) (p = 0.008) and eosinophils (p = 0.034) increased in the gut during convalescence. Electron microscopic analyses of duodenal biopsies from adult patients showed increased piecemeal degranulation in both MMC and eosinophils and accumulation of lipid bodies in MMC. Duodenal biopsies from V cholerae O1 infected patients showed upregulation of myeloperoxidase, lactoferrin, PGHS-1, SCF, tryptase, tumour necrosis factor a, a-defensin, and eotaxin during the acute stage and chymase, interleukin 3 and major basic protein during convalescence. Conclusion: We have shown that innate cells and their mediators are upregulated in acute watery diarrhoea. These cells and factors of the innate arm may be important in the host's defence against cholera. Such effects may need to be simulated in a vaccine to achieve long lasting protection from cholera.
Background and aims:
The general concept is that as Vibrio cholerae is not invasive, it mediates a noninflammatory type of infection. This is being re-evaluated based on available data that natural cholera infection or cholera toxin induces a Th2-type of immune profile and stimulates the humoral immune response, innate cells, and mediators in the host. Methods: To perform a comprehensive analyses of the inflammatory components, we studied mucosal biopsies from patients, both adults and children with acute watery diarrhoea caused by V cholerae O1 and O139. Patients with cholera, adults (n = 30) and children (n = 18), as well as healthy controls (n = 24) were studied. Histochemical, immunohistochemical, and ultrastructural studies were carried out to elucidate the contribution of the different factors using paraffin and frozen duodenal and/or rectal sections as appropriate. Samples were collected during the acute stage and during early and/or late convalescence. Results: Following natural cholera infection, patients responded with increases in neutrophil polymorphs during the acute stage (p,0.001) compared with healthy controls whereas mucosal mast cells (MMC) (p = 0.008) and eosinophils (p = 0.034) increased in the gut during convalescence. Electron microscopic analyses of duodenal biopsies from adult patients showed increased piecemeal degranulation in both MMC and eosinophils and accumulation of lipid bodies in MMC. Duodenal biopsies from V cholerae O1 infected patients showed upregulation of myeloperoxidase, lactoferrin, PGHS-1, SCF, tryptase, tumour necrosis factor a, a-defensin, and eotaxin during the acute stage and chymase, interleukin 3 and major basic protein during convalescence.
Conclusion:
We have shown that innate cells and their mediators are upregulated in acute watery diarrhoea. These cells and factors of the innate arm may be important in the host's defence against cholera. Such effects may need to be simulated in a vaccine to achieve long lasting protection from cholera. C holera has long been considered a classic paradigm of a non-inflammatory toxigenic diarrhoea until observations showed that Vibrio cholerae O1 infection induces an increase in inflammatory cells. 1 Subsequent studies showed that V cholerae may induce increases in innate factors, including myeloperoxidase, lactoferrin, nitric oxide metabolites, and eicosanoids. [2] [3] [4] [5] Natural cholera infection or cholera toxin induces a Th2-type of cytokine response, resulting in an increase in specific IgG4 and IgE isotypes of antibodies [6] [7] [8] and also increases in interleukin (IL)-6 production by mast cells, 9 suggesting involvement of innate cells in the immune response.
Clinical cholera is known to give rise to long lasting protection. 10 As innate immunity may be needed for the host to mount an appropriate adaptive immune response to an infection, 11 we have studied the possible interaction of inflammatory mediators over the course of the disease following natural infection with V cholerae O1 and O139. We studied stool, serum, and mucosal biopsies obtained from both adults and paediatric patients to understand the involvement of polymorphonuclear neutrophils (PMN), mucosal mast cells (MMC), and eosinophils during the acute and convalescence stages. Different mediators involved in upregulation of innate cells, including enzymes, cytokines, and chemokines localised at the mucosal surface were also studied.
MATERIALS AND METHODS

Study group and recruitment
Adult male patients (n = 30), aged 18-49 years, with culture confirmed 12 V cholerae O1 (n = 14) or O139 (n = 16) infection, were included in the study. Eighteen children (aged 2-5 years) with cholera (13 males and five females) infected with V cholerae O1 (n = 10) or O139 (n = 8) were also studied. The degree of dehydration and clinical severity were assessed by a physician. 13 Twelve adult males in the same age group as patients with no history of diarrhoea during the previous three months were studied as healthy controls. In addition, 12 healthy children (six females and six males) attending the hospital for follow up 60 days after the onset of diarrhoeal infection were treated as study controls.
14 Stools obtained from subjects on all study days were screened for common enteric pathogens, both bacteria and parasites. 12 15 16 The study was approved by the ethics review committee of the ICDDR, B.
Sample collection and processing Venous blood was collected from patients during the acute stage on the second day of hospitalisation (day 2), and five (day 7) and 28 days (day 28) later. Single blood samples were collected from healthy subjects. Duodenal and rectal pinch biopsies (n = 4) were collected from adult patients on days 2, 7, and 30 after the onset of disease using a standard endoscope and sigmoidoscope (Olympus, Tokyo, Japan). Biopsies were taken only once from corresponding healthy subjects (day 0). 5 One sample was fixed in buffered formaldehyde, embedded in paraffin, and 3 mm sections prepared. Two biopsies were collected in Histocon (Histolab products AB, Gothenburg, Sweden), immediately snap frozen in liquid nitrogen, and stored at 270˚C before cutting into 5 mm sections. For electron microscopy, biopsy samples were fixed in glutaraldehyde, embedded in araldite, and ultrathin sections prepared (LKB UM4 Ultramicrotome).
Morphological and ultrastuctural analysis
Paraffin embedded sections were stained with haematoxylineosin and coded sections from each specimen examined by a pathologist using criteria described previously.
1 Eosinophils were localised in haematoxylin-eosin stained sections. For ultrastructural studies, ultrathin sections stained with uranyl acetate and lead citrate were scanned systematically (Philips EM201C electron microscope, Eindhoven, the Netherlands). A minimum of 10-20 eosinophils and mast cells were photographed and the type of granules, degranulation, and activation were noted. 1 17 18 An enzyme histochemical staining procedure was used to detect and quantitate mast cells and neutrophils based on chloroacetate esterase activity using naphthol-AS-D-choloroacetate and a pararosanilin dye. 19 
Immunohistochemical analyses
For immunohistochemical analyses, duodenal sections obtained from 10 O1 cholera infected adult patients and 10 adult healthy controls were studied. The first 10 patients who were enrolled in the study were selected for this analysis. Paraffin embedded or cryostat sections were used in procedures described previously. 20 For paraffin embedded sections, specific antibodies to detect tryptase, lactoferrin, myeloperoxidase (MPO) (Dako A/S, Glostrup, Denmark), adefensin (Serotec, Oxford, UK), chymase (NeoMarkers, Fremont, California, USA), major basic protein (MBP) (Pharmingen, San Diego, California, USA), and IgE (Sigma, St Louis, Missouri, USA) were used.
Specific monoclonal or polyclonal primary antibodies were used in cryostat sections to detect chemokine receptor 3 (CCR3) (Santa Cruz Biotechnology, Inc., Santa Cruz, California, USA), IL-3, IL-4, IL-5 (Pharmingen), stem cell factor (SCF) (R&D, Minneapolis, Minnesota, USA), tumour necrosis factor a (TNF-a) (Innogenetics, Zwijndrecht, Belgium), eotaxin (Serotec), and prostaglandin H synthase 1 (PGHS-1) (Oxford Medical Research, Oxford, Michigan, USA). Biotinylated goat antirabbit/antimouse (Dako) and avidin biotin complex (Dako) or rabbit antimouse IgG (Dako) and peroxidase-antiperoxidase antibody (Dako) were used. For detection of MPO, tryptase, defensin, and IgE, paraffin sections were pretreated with trypsin (0.1%). Sections were developed in a solution of hydrogen peroxide and 3,39-diaminobenzidine (Sigma Chemical Co.). Irrelevant isotype matched antibodies were used as controls in each assay.
Quantification of cells and mediators in sections
Tissue area was determined using an eyepiece grid consisting of 100 squares covering 1.0 mm 2 of tissue on a Olympus BH2 microscope at 6400 magnification and counting the number of squares covering the tissue section. In the case of duodenal sections, positive cells in the lamina propria (LP) and intraepithelial regions were quantified separately for both crypt and villus. They were counted similarly in the superficial and deep mucosa of rectal biopsies. Results are expressed as the average number of cells per mm 2 . 1 21 This procedure was used for quantification of PMN, eosinophils, and mast cells using chloroacetate esterase activity.
Quantification of immunostained sections for the remainder of the mediators was carried out by computer assisted analysis of video microscopic images with a DMLB microscope (Leica Wetzlar, GmbH, Germany) equipped with a 3CCD colour camera (JVC TK-CF380; Victor Company of Japan Ltd, Japan). Each image was examined in a Leica Q500IW image analyser using the Leica QWin version 2.0 computer programme. Standards were set for positive as well as negative cells. 20 22 The data acquired were imported into Microsoft Excel. For each tissue section at least 20 fields (4610 4 mm 2 /field) were investigated at 6400 magnification and the average calculated.
Statistical analysis
Comparisons were made using the Wilcoxon signed rank test, the Mann-Whitney U test, the x 2 test, or Fisher's exact test, where necessary. Probabilities were regarded as significant if they reached a 95% level of confidence (p(0.05). Analyses were carried out using the statistical software SigmaStat (Jandel Scientific, San Rafael, California, USA). Values are expressed as median (25th and 75th percentiles) or geometric mean (SEM) and range.
RESULTS
Clinical history of the study groups
Of the adults and children infected with V cholerae O1 or O139, 90-100% suffered from severe dehydration. Only V cholerae O1 or O139 was isolated from the stools of patients. Stool microscopy revealed the presence of ova of Ascaris lumbricoides (n = 7), giardia (n = 3), E histolytica (n = 1), and hookworm (n = 3) among the 48 cholera patients.
No bacterial pathogens were isolated from the stools of healthy endemic controls, although giardia (n = 1) and A lumbricoides (n = 4) were detected. During the convalescence phase, no enteric bacterial pathogen was detected, although stool microscopy showed a similar frequency of different enteric parasites as seen in the acute stage.
Blood leucocytes
A higher blood leucocyte level was seen during the acute stage of the disease in children and adults in both groups of cholera patients compared with healthy controls. The percentage of polymorphs in blood was elevated in adult cholera patients during the acute stage of infection compared with the convalescence phase (p = 0.01120.001) or with levels in healthy volunteers (p = 0.027). A comparison of the percentage of eosinophilic granulocytes in blood showed that levels were increased from the acute stage (median 3.2%) to convalescence at day 7 (median 6.0%; p = 0.022) for O139 infected patients, and between the acute stage (median 4.11%) and convalescence at day 30 (median 7.5%; p = 0.049) in adult O1 infected cholera patients (p = 0.023). In children with diarrhoea, no increase in blood eosinophil levels was observed.
Gross histopathology
In the different groups of cholera patients, the overall architectural integrity of the duodenal and rectal mucosa was undisturbed during the acute stage. The mucosa showed marked congestion of blood vessels compared with healthy controls. Endothelial cells appeared swollen, with margination of neutrophil polymorphs into the LP. The vascular response persisted with endothelial swelling and PMN margination until day 30. In the rectal mucosa of adult and paediatric patients, vascular congestion was also observed but was less prominent than in the duodenum during the acute stage. Margination of eosinophils in blood vessels and endothelial swelling persisted until convalescence.
Polymorphonuclear neutrophils
Elevated numbers of neutrophil polymorphs were seen in the LP and infiltrating the surface and/or crypt epithelium during the acute stage in both adult duodenal and rectal sections of cholera patients (p = 0.04 to ,0.001) (fig 1) . These cells remained elevated in comparison with healthy controls over the study period (p = 0.02620.004). The magnitude of the response appeared to be higher in the duodenum than in rectal sites (NS).
When PMN numbers were compared in O1 and O139 patients at different locations of the gut, higher numbers were seen in duodenal tissues of O1 than of O139 infected patients (NS).
Duodenal sections of adult O1 cholera patients showed an increase in MPO, lactoferrin (table 1) , and a-defensin (fig 2A,  table 1 ) during the acute stage of infection (p = 0.002 to ,0.001).
Mucosal mast cells
Increased MMC numbers were seen in the crypt and villus LP of adult cholera patients by convalescence (p = 0.0220.003) (table 2). In paediatric patients, an increase in total MMCs was also seen in rectal sections by early convalescence (p = 0.031) and in comparison with healthy controls (p,0.005). Degranulating MMC were detected in duodenal and rectal sections by day 2 to day 30 post-onset compared with healthy controls where degranulating mast cells were less common and most MMC appeared intact. However, the intensity of the degranulation of MMC was more extensive and marked in duodenal than in rectal mucosa. The numbers of MMC were also analysed separately in O1 and O139 infected cholera patients. During the acute stage, numbers were already increased in duodenal sections obtained from O139 patients compared with those seen in healthy controls (p = 0.026). However, no increase was seen over the course of the disease in contrast with that observed in O1 patients. No other difference was seen between the two groups in either children or adults.
Ultrastructural studies showed that lower numbers of mast cells were in a normal state in O1 and O139 infected cholera patients over the course of the disease process (table 3, fig 3A) . The pattern was of both a piecemeal degranulation (PMD)-and anaphylactic degranulation (AND)-type ( fig 3B) with a generally higher frequency of the PMD-type of pattern (table 3) . Some MMC showed a mild type of PMD where the granules were swollen and there was partial loss of granular material, whereas more cells showed a severe grade of damage resulting in empty granule chambers (p = 0.046 to ,0.001). In some sections intraepithelial mast cells could be seen which had lost most of the granules by the AND mechanism and the empty granule membranes had fused to form canaliculi within the cytoplasm ( fig 3C) . Activation of MMC was shown by the presence of large round dense particles of lipid bodies ( fig 3B) .
Mucosal mast cell specific proteases were also studied in the duodenum using immunohistochemical procedures. There was increased expression of tryptase during the acute and convalescence stages compared with healthy controls (p = 0.01220.018) (table 1). Upregulation of the serine protease chymase was also observed in duodenal tissues. The numbers of cells positive for tryptase were higher than those positive for chymase over the course of the disease (p = 0.01620.008). When double stained, colocalisation of the two proteases could be seen in cells ( fig 2B) .
Eosinophils
Numbers of eosinophils in duodenal and rectal tissues increased during convalescence in adult and paediatric cholera patients (p = 0.01520.002) (fig 4) . Localisation was mostly in the villus and crypt region (p = 0.04120.002) and increased numbers of intraepithelial eosinophils were detected (p = 0.01320.008). In addition to the quantification above, it was observed that free eosinophilic granules were present in the entire LP and also in the intraepithelial region of duodenal and rectal sections in cholera patients by early convalescence. A high intensity of degranulation was frequently found near the muscularis mucosa, in the deeper LP and sometimes near the surface epithelium. In some patients, degranulation spread to the entire LP in close proximity to the surface epithelium.
When the results were compared between O1 and O139 infected patients, a gradual increase in the numbers was observed in duodenal sections in O1 patients over the course of the disease. The numbers peaked on day 30, which were significantly higher than during the acute stage or in healthy subjects (p = 0.02820.006). A statistically significant increase was however not seen in eosinophil numbers in O139 patients over the disease period compared with healthy controls. The increase appeared to be earlier in O139 than in O1 patients (median value for O1 34.43/mm 2 and O139 57.68/ mm 2 ; NS). At late convalescence, significantly higher numbers of eosinophils were quantified in O1 patients Study day Figure 1 Levels of neutrophil polymorphs in duodenal (Duod) and rectal (Rect) sections of adults, and in rectal sections (Rect) of paediatric patients (Ped). Polymorphonuclear neutrophils (PMN) were stained by the chloroacetate method and counted manually using a ocular micrometer (Olympus) fitted into the eyepiece, and data were calculated as the number of cells per mm 2 field area. Levels are shown for patients during the acute stage on day 2 (D2) and during convalescence on day 7 (D7) after the onset of diarrhoea. Data for healthy controls (adults or children) are shown as day 0 (D0). Bars are geometric means and lines show ranges (¡SEM). *p,0.05 between patients on day 2 and convalescence at day 7; Àp,0.05 between patients at different phases of the disease and healthy controls. Probability values were determined by the Wilcoxon signed rank test comparing differences in cell numbers at different times within the same group of patients and by the MannWhitney U test comparing patients with healthy controls. fig 5A) . Cells appeared to be activated and a PMD pattern of degranulation was observed with loss in both core ( fig 5B) and matrix (fig 5C) regions. At convalescence, eosinophils could also be seen which had undergone damage ( fig 5D) . Figure 5 also shows condensation of nuclear material. The pattern appeared to be more severe in O1 patients over the course of the disease period, while it reversed to normal morphology in O139 patients by convalescence (table 4) .
Mediators and regulatory molecules in the duodenum in V cholerae O1 patients
The b-chemokine eotaxin was increased during the acute stage of infection in comparison with the other study groups and could be visualised in the cytoplasmic area of cells in the LP (p = 0.0032,0.001) (table 1, fig 2C) . Intense staining of cells for the chemokine receptor CCR3 (fig 2D) was also seen, which was elevated during the acute stage. IL-3 was localised in the cytoplasmic area in cells in the LP, which increased during early and late convalescence (p = 0.0120.003). In contrast, TNF-a was already increased during the acute stage (table 1, p = 0.03620.008) and could be localised in the LP region in the cytoplasmic area of cells. Staining could also be detected in the crypt region in most patients studied, with more extracellular area than cells being detected. Another chemokine, SCF, was increased during the acute and convalescence phases compared with healthy controls (table 1, fig 2E) .
Cells morphologically resembling mast cells were positive for IL-5. Expression of IL-4 was also seen which was located in single cells in the LP. Both cytokines were detected during the acute stage as well at during convalescence (NS) and expression was not different from that seen in healthy controls.
The constitutive enzyme PGHS-1 was elevated in the cytoplasmic area of cells in the mucosa during the acute stage (p = 0.03) and during early convalescence compared with controls (p = 0.032) (fig 2F) . Single cells staining for IgE were observed. However, when quantified, there was no difference in the stained area in patients during the acute stage of the infection and healthy controls.
DISCUSSION
In this study we have been able to demonstrate that innate cells are activated and mediators are upregulated at the mucosal surface following natural infection with V cholerae O1 and O139.
The location of mast cells at the mucosa and their ability to release potent mediators indicate that these cells play an important role in the host defence against bacterial infection. 23 Mucosal mast cells are known to be activated by binding of IL-3 and SCF which may be produced from T cells and epithelial cells, among others, in the gut. 24 The presence of both IL-3 and SCF in duodenal sections from adult cholera patients suggests their role in activation of MMC and release of Th2 type cytokines IL-4 and IL-5. In our study we could not detect an increase in IL-4 or IL-5 at the mucosal surface. However, physiological amounts may be enough to have significant effects on cells in the mucosa. 24 It is believed that mast cells serve as a source of IL-4, which is an early response cytokine that activates T helper cell responses. Days after onset of disease in patients. HC, healthy controls. Significant difference (*p(0.05) between patients and controls; significant difference (Àp(0.05) between the acute and convalescent stages of the disease. Table 3 Ultrastructural studies of mast cells in the duodenal mucosa of study subjects O139 patients (day 30) (n = 23)À (n = 50) (n = 35) (n = 34) (n = 17) (n = 9) (n = 16) Àn = number of mast cells studied ultrastructurally. Days after onset of disease in patients. 1Numbers indicate percentage of cells with the particular type of activation that were studied. *p,0.05, x 2 or Fisher's exact test was used to determine statistically significant differences between patients at the different stages of infection and healthy controls. PMD, piecemeal degranulation; AND, anaphylactic degranulation.
Migration and mobilisation of neutrophil polymorphs to sites of infection and inflammation is a primary host defence mechanism. A variety of molecules stimulate migration of PMN. Mast cell derived TNF-a plays a critical role in host defence by recruitment of neutrophils to sites of infection. 24 We found increased localisation of TNF-a during the acute stage of infection and suggest that in cholera it may act as an early response cytokine to mediate upregulation of PMN and activate secretion of bactericidal proteins. In addition, leukotrienes (LT) such as LTB 4 and LTC 4 produced by mast cells also induce migration of neutrophils. 25 In an earlier study we showed an increase in LTB 4 in intestinal secretions in cholera patients. 5 In the present study we found an increase in lipid bodies in mast cells, suggesting enhanced synthesis of the arachidonic acid metabolites. Thus both TNF-a and LTB 4 may induce migration and activation of PMN. Other arachidonic acid metabolites including prostaglandin E 2 are also increased in cholera. 5 26 In the present study, we also found increased localisation of PGH synthase 1, a constitutive enzyme mediating synthesis of eicosinoids at early convalescence, providing evidence for an increase in arachidonic acid metabolites and lipid bodies in cholera. In addition to changes in the gut, we also found increases in leucocytes, including PMN, in blood. Such increases have been seen previously in cholera patients. 1 5 Some key bactericidal proteins, lactoferrin, MPO, as well a-defensin were also elevated during the acute stage, further highlighting the functional role of PMN in cholera. Lactoferrin is known to have bactericidal killing properties on V cholerae O1 4 and b-defensins have been detected in patients with acute watery diarrhoea. 27 MPO, which is involved in bactericidal activity, is also produced by neutrophil polymorphs. Its upregulation at the local site as well as in stools from cholera patients 5 suggests that it may also have a protective role by generating reactive products that have potent antibacterial properties. 28 The increase and activation of eosinophils in cholera is not surprising as it is known that there is close interaction between mast cells and eosinophils in the gut. 29 30 We also found increases in eosinophils in the blood of cholera patient. Activation of mast cells and release of IL-5 is needed for activation of eosinophils. Upregulation of eotaxin, which is a chemokine and chemoattractant for these cells, in the mucosa was seen at the onset. Increased localisation of CCR3, the receptor for eotaxin, was also seen. The chemokine binding receptor CCR3 is known to be present on eosinophils. 31 We found tryptase and chymase double positive mast cells in the mucosa and were also able to detect CCR3 and tryptase double positive cells. Thus eotaxin may activate both mast cells and eosinophils in the gut by binding to CCR3 receptors 26 and may serve as a chemoattractant. The results presented here showed an extensive piecemeal type of degranulation of innate cells. This may reflect antigen induced slow activation from stimulation by bacterial products (cholera toxin, lipopolysaccharide, etc) or by binding of V cholerae to host cell surfaces which may result in signals to mast cells and other accompanying cells to orchestrate an appropriate response. Activation of inflammatory cells has generally been associated with allergic disorders and parasitic infections, 24 which also results in an increase in the IgE isotype of antibodies. Although IgE was detected in the gut of cholera patients, an increase was not seen over the course of the disease period. Our previous studies have also shown that cholera does not induce increases in levels of total IgE in blood. 8 Although V cholerae colonise the small intestine, it is evident that morphological and vascular changes can also be seen in distal rectal tissues. 1 17 Based on the notion of a common mucosal immune system, 31 response is seen not only at the site of antigen deposition but also at remote mucosal sites. There is evidence that immunisation with cholera toxin via the rectal or gastric route induces IgA responses in duodenal secretions. 32 Our results also reveal that in natural disease, activation of innate immunity is seen not only in the small intestine but also at rectal sites. Activation was however more extensive and marked in the duodenal than in the rectal mucosa. This information is not only useful for understanding the pathogenesis of acute watery diarrhoea but also for the development of immunisation strategies for vaccines for other mucosa associated diseases.
The study was also designed to investigate if V cholerae O139 by virtue of possessing a capsular polysaccharide induces a different pattern of response from that seen after V cholerae O1 infection. 33 Our results showed that inflammatory responses in duodenal tissues of O139 patients were upregulated, as in O1 infected patients. However, a difference was seen only in the kinetics of the response in O139 patients. Eosinophil and mast cell numbers appeared to be more elevated at the duodenal site at the onset of disease in O139 patients compared with O1 infected patients. The numbers of cells also declined more rapidly during convalescence in O139 infected patients. The presence of a capsule and/or antigens on O139 strains does not appear to give it added virulence and inflammation, compared with what is seen in O1 induced disease, and is similar to the adaptive response we have observed previously. 7 8 12 34 It must be emphasised that in cholera, the response during the acute stage is at variance with that seen in an invasive disease such as shigellosis. 20 35 Gross histopathological features of the gut are undisturbed unlike those seen in invasive diarrhoea 14 where an intense reaction at the mucosa occurs as a result of invasion and destruction by the pathogen. Changes in the rectal surface, ranging from mild to severe inflammation, is accompanied by leucocytes, red blood cells, and macrophages in stool in over 50% of patients.
14 These features are characteristically absent in cholera. 5 Increased levels of inflammatory markers are seen in Shigella infections in comparison with those seen in cholera. 35 Thus higher levels of C reactive protein in blood (p = 0.03), and TNF-a and IL-1b in stool (p,0.001), were detected in patients with bloody dysentery. It is interesting however that mast cells and eosinophils, including other innate mediators, are in general comparable in shigellosis 36 and cholera. In contrast, in shigellosis, these factors may be protective but may also contribute to immunopathogenesis at the local site.
Thus V cholerae activate these cells to release mediators, chemokines, and cytokines to modulate the host's innate immune response and produce a more robust adaptive immune response. 26 37 This results in clearance of the pathogen and rapid recovery. For a vaccine to be protective against cholera it may need to simulate these features seen following natural infection.
